Directional detection of non-baryonic Dark Matter is a promising search strategy for discriminating genuine WIMP events from background ones. However, carrying out such a strategy requires both a precise measurement of the energy down to a few keV and 3D reconstruction of tracks down to a few mm. To achieve this goal, the MIMAC project has been developed: it is based on a gaseous micro-TPC matrix, filled with 3 He, CF4 and/or C4H10. Firsts results of low energy nuclei recoils obtained with a low energy neutron field are presented.
Directional detection of Dark Matter and its discovery potential
In order to offer a complementarity to massive detectors of non-baryonic dark matter 1,2 , a solid and unambiguous signature of WIMP signal is needed. This can be achieved by searching for a correlation of the WIMP signal with the solar motion around the galactic center, observed as a direction dependence of the WIMP flux coming roughly from the direction of the Cygnus constellation 3 . This is generally referred to as directional detection of Dark Matter and several projects of detector are being developed for this goal 4, 5, 6, 7, 8 . The main asset of directional detection is the fact that the WIMP angular distribution is pointing towards the Cygnus constellation while the background one is isotropic (fig 1) . The right panel of figure 1 presents a typical recoil distribution observed by a directional detector : 100 WIMP-induced events and 100 background events generated isotropically. For an elastic axial cross-section on nucleon σ n = 1.5× 10 −3 pb and a 100 GeV.c −2 WIMP mass, this corresponds to an exposure of ∼ 7×10 3 kg.day in 3 He and ∼ 1.6×10 3 kg.day in CF 4 , on their equivalent energy ranges as discussed in ref. 10 . Low resolution maps are used in this case (N pixels = 768) which is sufficient for the low angular resolution, ∼ 15 • (FWHM), expected for this type of detector. In this case, 3D read-out and sense recognition are considered, while background rejection is based on electron/recoil discrimination by track length and energy selection 9 . It is not straightforward to conclude from the recoil map of figure 1 (right) that it does contain a fraction of WIMP events pointing towards the direction of the solar motion. To extract information from this measured map, a likelihood analysis has been developed. The likelihood value is estimated using a binned map of the overall sky with Poissonian statistics, as shown in Billard et al. 10 . This is a four parameter likelihood analysis with m χ , λ = S/(B + S) the WIMP fraction (B is the background spatial distribution taken as isotropic and S is the WIMP-induced recoil distribution) and the coordinates (ℓ, b) referring to the maximum of the WIMP event angular distribution. The result of this map-based likelihood method is that the main recoil direction is recovered and it is pointing towards (ℓ = 95 • ± 10 • , b = −6 • ± 10 • ) at 68 % CL, corresponding to a non-ambiguous detection of particles from the galactic halo. This is indeed the discovery proof of this detection strategy (left panel of fig. 2) 10 . Furthermore, the method allows to constrain the WIMP fraction in the observed recoil map leading to a constraint in the (σ n , m χ ) plane (right panel of fig. 2 ). As emphasized in ref. 10 , a directional detector could allow for a high significance discovery of galactic Dark Matter even with a sizeable background contamination. For very low exposures, competitive exclusion limits may also be imposed 11 . However, to use this very promising strategy with directional detection, access to the recoiling angle of the nuclei is mandatory.
The MIMAC prototype
In order to get the angle, a 3D reconstruction of a few keV recoil track is needed. Low-pressure gaseous µTPC detectors present the privileged feature of being able to reconstruct the track of the recoil following the interaction, thus allowing to access both the energy and the track properties (length and direction). The MIMAC detector, described in ref. 9 , is based on a matrix of µTPC containing low mass targets ( 3 He, CF 4 , CH 4 or C 4 H 10 ) sensitive to axial interaction. Each µTPC uses a micro-pattern gaseous detector (a pixelized bulk micromegas 12 ) to precisely measure the recoil energy and the track by collecting the ionisation signal. For a given energy, an electron track in a low pressure micro-TPC is an order of magnitude longer than recoil one.
It opens the possibility to discriminate electrons from nuclei recoils by using both energy and track length informations, thus cleaning the recoil dataset before the map analysis presented in section 1. A precise assessment of the energy resolution has been performed by Santos et al. 13 in He + 5% C 4 H 10 mixture within the dark matter energy range (between 1 and 50 keV) by a precise measurement of the ionization quenching factor. As pictured on the figure 3, the electrons move towards the grid in the drift space and are projected on the anode thus allowing to get information on x and y coordinates. The third coordinate is obtained by sampling the anode every 25 ns and by using the knowledge of the drift velocity of the electrons. To access the X and Y dimensions with a 100 µm spatial resolution, a bulk micromegas 12 with a 4 by 4 cm active area, segmented in 350 µm pixels is used with a 2D readout. In order to reconstruct the third dimension Z of the recoil, the LPSC developed a self-triggered electronics able to perform the anode sampling at a frequency of 40 MHz. This includes a dedicated 16 channels ASIC 14 associated to a DAQ 15 . it is the typical kind of signal that MIMAC will expect. The right panel presents a 50 keV (with quenching) fluorine recoil of 3 mm long obtained in a 55 mbar mixture of 70% CF 4 + 30% CHF 3 : the preliminary result is very promising for future directional detectors as the one simulated to obtain the exclusion plots presented in part 1. Furthermore, another important point for dark matter detection, the ability to separate of gamma background from WIMPs, has been shown in pure Isobutane or 4 He + 5%C 4 H 10 mixture in ref. 9 .
First experimental results

